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Abstract 
The effects of estrogen deficiency on bone characteristics are site-dependent, with the 
most commonly studied sites being appendicular long bones (proximal femur and 
tibia) and axial bones (vertebra). The effect on the maxillary and mandibular bones is 
still inconsistent and requires further investigation. This study was designed to 
evaluate bone quality in the posterior maxilla of ovariectomized rats in order to 
validate this site as an appropriate model to study the effect of osteoporotic changes.  
Methods: Forty-eight 3-month-old female Sprague-Dawley rats were randomly 
divided into two groups: an ovariectomized group (OVX, n=24) and Sham-operated 
group (SHAM, n=24). Six rats were randomly sacrificed from both groups at time 
points 8, 12, 16 and 20 weeks. The samples from tibia and maxilla were collected for 
Micro CT and histological analysis. For the maxilla, the volume of interest (VOI) area 
focused on the furcation areas of the first and second molar. Trabecular bone volume 
fraction (BV/TV, %), trabecular thickness (Tb.Th.), trabecular number (Tb.N.), 
trabecular separation (Tb.Sp.), and connectivity density (Conn.Dens) were analysed 
after Micro CT scanning. 
Results: At 8 weeks the indices BV/TV, Tb.Sp, Tb.N and Conn.Dens showed 
significant differences (P<0.05) between the OVX and SHAM groups in the tibia. 
Compared with the tibia, the maxilla developed osteoporosis at a later stage, with 
significant changes in maxillary bone density only occurring after 12 weeks. 
Compared with the SHAM group, both the first and second molars of the OVX group 
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showed significantly decreased BV/TV values from 12 weeks, and these changes 
were sustained through 16 and 20 weeks. For Tb.Sp, there were significant increases 
in bone values for the OVX group compared with the SHAM group at 12, 16 and 20 
weeks. Histological changes were highly consistent with Micro CT results. 
Conclusion: This study established a method to quantify the changes of 
intra-radicular alveolar bone in the posterior maxilla in an accepted rat osteoporosis 
model. The degree of the osteoporotic changes to trabecular bone architecture is 
site-dependent and at least 3 months are required for the osteoporotic effects to be 
apparent in the posterior maxilla following rat OVX.  
 
 
Keywords:  Osteoporosis, Maxilla, Micro CT, Tibia, Ovariectomy 
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Background 
Osteoporosis (OP) is a systemic disease that affects over 200 million people 
worldwide (1, 2). It is characterized by a decrease in bone mass and strength that 
predisposes the bone to fracture, and negatively influences the bone healing process 
(3, 4). In order to better understand the biological mechanism associated with 
osteoporosis, ovariectomized rats have been widely used as a model to simulate 
human postmenopausal osteoporosis. Ovariectomized rat and osteoporotic human 
bone share many characteristics, including an increased rate of bone turnover with 
resorption exceeding formation, an initial rapid phase of bone loss followed by a 
much slower phase; greater loss of cancellous bone than cortical bone; and similar 
skeletal response to therapy with pharmaceuticals (5). Other important reasons for 
utilisation of a rat model include cost-effectiveness, as well as ease of handling and 
housing, when compared with other models of osteoporosis, especially those 
involving large animals(6). 
 
The healing of fractures of long and axial bones has been shown to be negatively 
affected by osteoporosis (4). In relation to oro-dental conditions, clinical studies have 
revealed positive correlations between periodontitis and estrogen deficiency (7-10), 
tooth loss and osteoporosis (8, 11, 12), delayed alveolar bone wound healing and 
increased severity of residual alveolar ridge resorption caused by estrogen deficiency. 
(13, 14).  
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The effects of estrogen deficiency on bone parameters such as size, mass and density 
are site-dependent (15). The most widely investigated sites for osteoporotic bone loss 
are appendicular long bones (proximal femur and tibia) and axial bones (vertebra), 
and the changes reflected in bone morphometric parameters are well characterized in 
these areas (15, 16). It appears that there is an inherent genetic difference between 
bones of cranial and non-cranial origin (17), which is not surprising given the 
differences in embryological origin and mechanisms of ossification. According to 
Ishihara et al, bone loss following ovariectomy predominantly occurs in those areas 
formed by endochondral ossification, such as the distal femur, rather than in areas 
formed by intramembranous ossification, such as the maxilla (18). Mavropoulos et al. 
also reported a reduced response in the mandibular to estrogen deficiency in rats, 
when compared to other skeletal sites (19), and other animal clinical studies have 
produced similar results (20, 21). However, some animal studies have reported 
positive correlation of osteoporosis and alveolar bone changes, as well as periodontal 
bone loss (7, 9, 10, 14). Therefore, there is a clear need to clarify the effect of 
estrogen deficiency on maxillary and mandibular alveolar bones. Given trabecular 
bone is believed to be more susceptible to be affected by estrogen deficiency than 
cortical bone (22), maxillary bone, especially the porous, posterior maxillary region 
may be regarded as a more sensitive location for estrogen deficiency, compared with 
mandibular bone (23). However, most researchers have used the rat mandible rather 
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than the maxilla as the site of choice to study estrogen related bone loss following 
ovariectomy (19, 20, 24-26). This may be due to the simpler geometry of the 
mandible, which makes it easier to determine bone volume when compared with the 
maxilla, which is characterized by irregular, more complicated roots and the presence 
of the maxillary sinus.  
Traditionally, the main methods used for analysing bone characteristics are 
histomorphometry and/or 2 dimensional (2D) radiography (including Dual Energy 
X-Ray Absorptiometry, DEXA).  DEXA mainly focuses on bone density (BMD) and 
is not an optimal tool when used in the presence of excess adipose tissue (27) and is 
also a challenge with growing animals (6). On the other hand, histological assessment 
has the inherent limitation of only reflecting an isolated site, rather than whole bone 
changes (6). 3D micro CT analysis has been used to overcome these limitations to 
obtain conclusive research outcomes (1, 28-30). Although 3D Micro CT has been 
used by a few researchers to analyse mandibular bone (31, 32), it has not been used 
for analysis of maxillary bone changes due to the lack of method to extract the 
volume of interest (VOI) areas in maxilla. Therefore, this study was undertaken to 
compare maxillary and tibial bone morphometric parameter changes resulting from 
estrogen deficiency induced by ovariectomy. Micro CT and histological analysis were 
used to evaluate bone changes at different time points over a period from 8 to 20 
weeks post-ovariectomy.   
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Materials and Methods 
Animals 
Forty-eight 3-month-old female Sprague-Dawley rats, weighing 232–267g, were 
obtained from an animal resource centre (SLAC Laboratory Animal Co. Ltd, 
Shanghai, China). The animals were randomly divided into two groups: an 
ovariectomized group (OVX, n=24) and Sham-operated group (SHAM, n=24). The 
ovariectomy operation was performed according to methods described in our previous 
study (33). Briefly, the ovaries of the rats were exteriorized safely after ligature was 
placed at the end of fallopian tube; for the SHAM group, the same size of fats tissue 
near the ovaries was removed. The muscle and skin were sutured in layers. Six rats 
per group at different time point were sacrificed at 8, 12, 16 and 20 weeks, after 
ovariectomy or sham operation. One tibia and one maxilla from each animal were 
randomly selected for Micro CT analyses, while the contralateral bones were prepared 
for histological analysis. All animal research protocols were approved by the Animal 
Care and Use Committee of Fujian Medical University and are similar to our previous 
studies (33). (Fig.1) 
 
 
Micro CT evaluation 
Bone histomorphometric parameters and the microarchitectural properties of maxilla 
and tibia were evaluated using a micro-CT system ((μCT 40; Scanco Medical AG, 
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Bassersdorf, Switzerland)). The bones were scanned at an energy of 70 kV and 
intensity of 114 µA, with 300 ms integration time, resulting in 16-μm isotropic voxel 
size. For the scanned tibia, the volume of interest for evaluation of bone 
morphometric parameters was chosen over 200 slices, starting 25 slices distal from 
the growth plate. The trabecular bone compartment was determined using a 
semi-automatic algorithm. 
For the posterior maxilla, the scaned area of interest included three molars. The 
volume of interest (VOI) region focused on the furcation areas of the first molar and 
second molars. Initially,  a circle with 40 pixel (0.64 mm) diameter was selected at 
the most coronal aspect of the root furcation, and after a further 40 slices apically a 
circle was selected with 60 pixel (0.96 mm) diameter. A third circle with the same 
diameter was then selected after another 60 slices and eventually, the VOI was 
defined by morphing across the slices between these three circles, forming an 
irregular, conical cylinder. Trabecular bone volume fraction (BV/TV, %), trabecular 
thicknesses (Tb.Th.), trabecular number (Tb.N.), trabecular separation (Tb.Sp.), and 
connectivity density (Conn.Dens) were determined for VOI using the micro CT 
evaluation software SCANCO (Scanco Medical AG, Bassersdorf, Switzerland) 
provided with the micro-CT system (34). (Fig.2) 
 
Histology 
Samples for histological evaluation were fixed after sacrifice in 70% alcohol. Further 
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processing of the samples was carried out according to routine methods.  Briefly, the 
samples were dehydrated in a series of graded alcohol, then embedded in 
methylmethacrylate (MMA) (Merck, Darmstadt, Germany) acording to the 
manufacturer’s instructions. Slices of 10 to 15m thickness were obtained using an 
Exakt cutting- grinding system (EXAKT Apparatebau,. Norderstedt, Germany ). 
Sections were stained using toluidine blue or Methylene Blue – Alizarin Red and 
scanned using Aperio microscope (Aperio, Vista, CA, USA). Trabecular bone volume 
fraction (BV/TV, %) at 12 weeks was analysed by the system’s image analysis 
software (Aperio, Vista, CA, USA).  
 
Statistical analysis 
Data are expressed as means ± standard deviations. One-Way ANOVA was used to 
compare body weights and identify significant differences between tibia and maxilla 
at different time points in the OVX and SHAM groups. p values of <0.05 were 
considered significant. 
 
Results 
Body Weight 
Generally, ovariectomy resulted in weight gain. At baseline, there were no differences 
in weight between the two experimental groups. However, after ovariectomy, the body 
weights changed significantly. The weight of the animals from the OVX group was 
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higher compared with the SHAM group at all evaluated time points (8, 12, 16 and 20 
weeks respectively) (Fig.3).    
 
Micro CT Assessment 
For the tibia, OVX rats had reduced quality trabecular bone structures compared with 
SHAM operated rats at both 8 and 12 weeks (Fig.4 a, b). After 8 weeks, BV/TV 
(Fig.5 a) was significantly decreased compared with the SHAM group. The same 
trends were seen for Tb.N (Fig.5 d) and Conn.Dens (Fig.5 e), as trabecular bone of the 
OVX group was significantly declined, compared with that of the SHAM group. For 
Tb.Sp (Fig.5 b), the OVX group achieved significantly higher values than the SHAM 
group, while no differences were found between the two groups for Tb.Th (Fig.5 c).  
In the maxilla, significant changes in bone density only occurred after 12 weeks, in 
contrast to the tibia where these changes were already evident at 8 weeks. The 3D 
images of the first (Fig.6a, b) and second (Fig.6 c, d) molar furcation areas at 12 
weeks showed more poreous structure in the OVX group (Fig.6 a, c) compared with 
the SHAM group (Fig.6 b, d). Compared with the SHAM group, both the first and 
second molars of the OVX group showed significantly decreased BV/TV (Fig.7a, 8a) 
from 12 weeks, and these changes were sustained through 16 and 20 weeks. For 
Tb.Sp (Fig.7b, 8b), the ovarietomy caused significant increases in bone morphometric 
values for the OVX group compared with the SHAM group at 12, 16 and 20 weeks. 
For the other parameters (Tb.Th, Tb.N, Conn.dens), the changes were not always 
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consistent between the two molars at the same time points. For Tb.Th, at the first 
molar, the ovariectomy caused statistically significant reductions of trabecular 
numbers at 12, 16 and 20 weeks (Fig.7c), but for the second molar, significant 
changes were only observed at 16 and 20 weeks (Fig.8c). For Tb.N, there were 
significant differences at 12 and 16 weeks in the first molar (Fig.7d), but only at 12 
and 20 weeks for the second molar (Fig.8d). For Conn.dens, the findings were more 
variable. At the first molar site, the OVX group had a higher value compared with the 
SHAM group at weeks 8 and 16 weeks (Fig.7e). These inconsistent changes were also 
measured at the second molar site,  where OVX group had a statistically significant 
increase in Conn.dens at week 16 and 20 (Fig.8e). The detailed evaluation of micro 
CT results was in supplimental data Table 1-3.   
 
Histological Assessment 
The histology images of tibia at 8 weeks showed significantly more sparse trabecular 
bone in OVX rats compared with the sham group (Fig.4 c,d), which is consistent with 
the 3D micro CT results (Fig.4 a, b). In summary, these results provide evidence that 
bone loss due to estrogen deficiency induced by ovariectomy surgery affected long 
bone as early as 8 weeks. 
The evaluation of the histology images from the maxilla showed that the trabecular 
bone was affected by the overiectomy operation at week 12, with the OVX group 
having increased bone marrow volume (Fig.9a) compared with the SHAM group 
 Page 13 of 41 
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
14 
 
(Fig.9b), which was consistant with the micro CT’s longitudinal sections 
(Fig.9c=OVX, 9d=SHAM) and the 3D micro CT results (Fig.6). The analysis of 
trabecular bone area showed higher values for the SHAM group compared to the 
OVX group (Fig.9e, P<0.05). The microscopic evaluation of histological sections 
highly supported the findings from micro CT.         
 
Discussion 
The impacts of osteoporosis on the dental health of patients are not clear-cut.  
However, the negative impacts on the dental health of patients undergoing certain 
treatments for osteoporosis are known. The ovariectomised rat is a frequently used 
model for osteoporosis recommended by the U.S. Food and Drug Adminstration 
(FDA) (35) owing to advantages including similar changes in bone metabolism during 
estrogen deficiency compared with humans (5), easy and safe handling and a low cost 
of acquisition (6). However, the question of whether the rat’s maxillary and/or 
mandibular bone can be used to study osteoporotic bone loss compared with the 
routinely used long bones or vertebrae is still a controversial issue (36). In the present 
study, we examined the effects of ovariectomy induced estrogen deficiency on the 
bone of the posterior maxilla, with the aim of validating its suitability as a model for 
studying the effects of osteoporosis on oro-dental conditions and procedures.  
Methods used for the analysis of bone density can be divided into destructive and 
non-destructive methods. Compared with the well-established method of 
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histomorphometry, the newer non-destructive micro CT method is based on building 
full three-dimensional structures of the sample (37). The use of this method 
effectively avoids potential variability by observers (38) and accounts for bone 
parameters varying within a given specimen (39). Dual energy X-ray absorptiometry 
(DEXA) is another method that is regularly used to investigate bone density. But due 
to the low resolution and the limitation of 2 dimensional imaging, DEXA is not able 
to determine microstructural parameters (21). Theoretically, the ideal way to analyse 
maxillary bone using micro CT would be to include the whole bone and exclude the 
tooth roots. However, this is very difficult to implement because of the irregular shape 
of maxilla and tooth roots, as well as the presence of the sinus and nose cavities. 
These difficulties may explain the lack of studies evaluating maxillary bone changes 
resulting from osteoporosis in the literature. The furcation area, which is entirely 
made up of trabecular bone, is an important site to reflect the impact of osteoporosis 
on bone quality. The furcation areas are also involved in periodontal disease and act as 
a recipient site in dental implant placement. Therefore, the furcation areas of the first 
molar and second molars were selected for micro CT analysis, assuming that any 
changes to the trabecular bone in the area would be representative of changes in the 
remainder of the maxilla. The third molar was not included because of the large 
variation of roots between animals and the difficulties to generate consistent and 
reproducible evaluation.  
From our results, both animal weights and the trabecular bone content of the tibia in 
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the OVX group were significantly different at the first observation time point of 8 
weeks. Ovariectomy caused accelerated food intake which resulted in body weight 
increase, which is consistent with other reports in the literatures (21). Ovariectomy 
also caused significant tibial trabecular bone loss in the OVX group compared with 
the SHAM group from 8 weeks. Bone volume fraction (BV/TV), Tb.N, and 
Conn.Dens were significantly decreased compared with the SHAM group. This meant 
that at 8 weeks, induction of the osteoporosis model in the tibia could be deemed as 
being successfully achieved, as has been described previously (40).  
 
However, in maxilla, the decrease in bone density did not emerge until 12 weeks, as 
opposed to 8 weeks in the tibia. From 12 weeks in the maxillary groups, BV/TV 
showed a significant decrease and Tb.Sp increased significantly in the OVX group 
compared with the SHAM group. The furcation areas of the first molar and second 
molar in the OVX group showed more porous compared with the SHAM group. 
Histological analysis and micro CT results also showed the same trend. The apparent 
difference of osteoporotic effect on maxilla and tibia following ovariectomy can be 
explained by the different embryological origins and different ossification processes 
between the two anatomic locations (19). Additionally, the asynchronism may be 
explained by inherent genetic differences between bone of cranial origin and bone of 
non-cranial origin (17). Our research clearly demonstrated that an osteoporotic state 
was reached in the maxilla, albeit at a delayed rate concurrently, in the long bone.  
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Another interesting finding is that the parameters used for the analysis of bone tissue 
architecture did not reveal the same changes between tibia and maxilla. In the tibia, 
the trabecular bone thickness (Tb.Th) showed no obvious differences between the two 
groups. However, in the maxilla, OVX caused bone trabeculae to become 
significantly thinner than in the SHAM group and the differences did not emerge at 
the same time point in the two regions evaluated in the maxilla (between first and 
second molar furcation areas). Connectivity density (Conn.Dens) in the tibia of OVX 
animal decreased from 8 weeks, but in the maxilla, there was no regular pattern for 
either the first or second molar. We speculate that this could be due to the different 
endochondral and membranous bone formation between long bones and 
maxillar/mandibular bones (19). The complexity of the masticatory force distribution 
between the different teeth could also result in subtle structural differences between 
the first and second molars.  
The maxilla is an irregularly shaped bone due to the presence of the sinus and nasal 
cavity in the molar area, which makes the micro CT analysis challenging, because it is 
almost impossible to acquire a standard reproducible shape of VOI for all specimens 
to be analysed. Before we chose the furcation areas for analysis, we tried to assess the 
entire maxilla, except for the teeth. But we found that either tissue from the VOI was 
incorrectly omitted, or it was otherwise very challenging to obtain a consistent shape 
between different rats. Consequently we selected the furcation area for the analysis. 
Initially we wanted to include the molar furcation areas from all three molars, but the 
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roots of the third molar have significantly different shapes between animals, so we 
only selected the first molar and second molar for our analysis. By choosing a conical 
cylindrical shape for our VOI in the furcation area, defined by three circles with 
diameters of 40, 60, and 60 pixels respectively, we were able to completely exclude 
the roots. However, it should be noted that this method may result in the exclusion of 
some trabecular bone from the analysis. While this represents a limitation of our 
research, it is positively comparable with limitations faced by other researchers who 
have previously attempted to identify the changes of mandibular bone as a result of 
osteoporosis, whether it was based on 2D X-ray (41-43) or 3D CT (44-46). All of 
these studies were challenged by the difficulty of acquiring a standard VOI for 
comparison between animals and between experimental groups. We believe that the 
creative method developed in this study for defining the VOI’s in the maxilla may 
also be used for other applications in bones of irregular shape. 
 
Conclusion 
It appears that the trabecular bone compartment in the tibia is more sensitive than the 
maxilla to changes in estrogen levels as induced in rats by ovariectomy, 
demonstrating that the effects of estrogen deficiency on trabecular bone architecture 
are site-dependent and at least 3 months are required for the osteoporotic effects to be 
apparent in the posterior maxilla following rat OVX. A key outcome of this study is 
the establishment of a method to reproducibly define a standardised VOI in the 
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posterior maxilla for the evaluation of trabecular bone morphology, which may also 
be used for bones with irregular shape. 
  
 Page 19 of 41 
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
20 
 
References 
 
1. Cooper C., and Melton L.J., 3rd. Epidemiology of osteoporosis. Trends 
Endocrinol Metab 3, 224, 1992. 
2. Johnell O., and Kanis J.A. An estimate of the worldwide prevalence and disability 
associated with osteoporotic fractures. Osteoporos Int 17, 1726, 2006. 
3. Augat P., Simon U., Liedert A., and Claes L. Mechanics and mechano-biology of 
fracture healing in normal and osteoporotic bone. Osteoporos Int 16 Suppl 2, S36, 
2005. 
4. Tarantino U., Cerocchi I., Scialdoni A., Saturnino L., Feola M., Celi M., Liuni 
F.M., Iolascon G., and Gasbarra E. Bone healing and osteoporosis. Aging Clin Exp 
Res 23, 62, 2011. 
5. Kalu D.N. The ovariectomized rat model of postmenopausal bone loss. Bone 
Miner 15, 175, 1991. 
6. Lelovas P.P., Xanthos T.T., Thoma S.E., Lyritis G.P., and Dontas I.A. The 
laboratory rat as an animal model for osteoporosis research. Comp Med 58, 424, 
2008. 
7. Passos J.S., Vianna M.I., Gomes-Filho I.S., Cruz S.S., Barreto M.L., Adan L., 
Rosing C.K., Cerqueira E.M., Trindade S.C., and Coelho J.M. 
Osteoporosis/osteopenia as an independent factor associated with periodontitis in 
postmenopausal women: a case-control study. Osteoporos Int 24, 1275, 2013. 
 Page 20 of 41
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
21 
 
8. Darcey J., Horner K., Walsh T., Southern H., Marjanovic E.J., and Devlin H. 
Tooth loss and osteoporosis: to assess the association between osteoporosis status and 
tooth number. Br Dent J 214, E10, 2013. 
9. Darcey J., Devlin H., Lai D., Walsh T., Southern H., Marjanovic E., and Horner K. 
An observational study to assess the association between osteoporosis and periodontal 
disease. Br Dent J 215, 617, 2013. 
10. Guiglia R., Di Fede O., Lo Russo L., Sprini D., Rini G.B., and Campisi G. 
Osteoporosis, jawbones and periodontal disease. Med Oral Patol Oral Cir Bucal. 18, 
e93, 2013. 
11. Yoshihara A., Seida Y., Hanada N., Nakashima K., and Miyazaki H. The 
relationship between bone mineral density and the number of remaining teeth in 
community-dwelling older adults. J Oral Rehabil 32, 735, 2005. 
12. Nicopoulou-Karayianni K., Tzoutzoukos P., Mitsea A., Karayiannis A., Tsiklakis 
K., Jacobs R., Lindh C., van der Stelt P., Allen P., Graham J., Horner K., Devlin H., 
Pavitt S., and Yuan J. Tooth loss and osteoporosis: the OSTEODENT Study. J Clin 
Periodontol 36, 190, 2009. 
13. von Wowern N., and Kollerup G. Symptomatic osteoporosis: a risk factor for 
residual ridge reduction of the jaws. J Prosthet Dent 67, 656, 1992. 
14. Jonasson G., and Kiliaridis S. Changes in the bucco-lingual thickness of the 
mandibular alveolar process and skeletal bone mineral density in dentate women: a 
5-yr prospective study. Eur J Oral Sci 113, 114, 2005. 
 Page 21 of 41 
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
22 
 
15. Teofilo J.M., Azevedo A.C., Petenusci S.O., Mazaro R., and Lamano-Carvalho 
T.L. Comparison between two experimental protocols to promote osteoporosis in the 
maxilla and proximal tibia of female rats. Pesqui Odontol Bras 17, 302, 2003. 
16. Olsen B.R., Reginato A.M., and Wang W. Bone development. Annu Rev Cell Dev 
Biol 16, 191, 2000. 
17. Rawlinson S.C., McKay I.J., Ghuman M., Wellmann C., Ryan P., Prajaneh S., 
Zaman G., Hughes F.J., and Kingsmill V.J. Adult rat bones maintain distinct 
regionalized expression of markers associated with their development. PLoS One 4, 
e8358, 2009. 
18. Ishihara A., Sasaki T., Debari K., Furuya R., Kawawa T., Ramamurthy N.S., and 
Golub L.M. Effects of ovariectomy on bone morphology in maxillae of mature rats. J 
Electron Microsc (Tokyo) 48, 465, 1999. 
19. Mavropoulos A., Rizzoli R., and Ammann P. Different responsiveness of alveolar 
and tibial bone to bone loss stimuli. J Bone Miner Res 22, 403, 2007. 
20. Prado R.F., Silveira V.A., Rocha R.F., Vasconcellos L.M., and Carvalho Y.R. 
Effects of experimental osteoporosis and low calcium intake on postextraction sockets 
of rats. Int J Exp Pathol 93, 139, 2012. 
21. Kuroda S., Mukohyama H., Kondo H., Aoki K., Ohya K., Ohyama T., and 
Kasugai S. Bone mineral density of the mandible in ovariectomized rats: analyses 
using dual energy X-ray absorptiometry and peripheral quantitative computed 
tomography. Oral Dis 9, 24, 2003. 
 Page 22 of 41
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
23 
 
22. Westerlind K.C., Wronski T.J., Ritman E.L., Luo Z.P., An K.N., Bell N.H., and 
Turner R.T. Estrogen regulates the rate of bone turnover but bone balance in 
ovariectomized rats is modulated by prevailing mechanical strain. Proc Natl Acad Sci 
U S A 94, 4199, 1997. 
23. Hohlweg-Majert B., Schmelzeisen R., Pfeiffer B.M., and Schneider E. 
Significance of osteoporosis in craniomaxillofacial surgery: a review of the literature. 
Osteoporos Int 17, 167, 2006. 
24. Yang J., Pham S., and Crabbe D. Effects of oestrogen deficiency on rat 
mandibular and tibial microarchitecture. Dentomaxillofac Radiol 32, 247, 2003. 
25. Ejiri S., Tanaka M., Watanabe N., Anwar R.B., Yamashita E., Yamada K., and 
Ikegame M. Estrogen deficiency and its effect on the jaw bones. J Bone Miner Metab 
26, 409, 2008. 
26. Mavropoulos A., Kiliaridis S., Rizzoli R., and Ammann P. Normal masticatory 
function partially protects the rat mandibular bone from estrogen-deficiency induced 
osteoporosis. J Biomech   2014. 
27. Wong W.W., Hergenroeder A.C., Stuff J.E., Butte N.F., Smith E.O.B., and Ellis 
K.J. Evaluating body fat in girls and female adolescents: advantages and 
disadvantages of dual-energy X-ray absorptiometry. Am J Clin Nutr 76, 384, 2002. 
28. Bernhardt R., van den Dolder J., Bierbaum S., Beutner R., Scharnweber D., 
Jansen J., Beckmann F., and Worch H. Osteoconductive modifications of Ti-implants 
in a goat defect model: characterization of bone growth with SR muCT and histology. 
 Page 23 of 41 
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
24 
 
Biomaterials 26, 3009, 2005. 
29. Gasser J.A., Ingold P., Grosios K., Laib A., Hammerle S., and Koller B. 
Noninvasive monitoring of changes in structural cancellous bone parameters with a 
novel prototype micro-CT. J Bone Miner Metab 23 Suppl, 90, 2005. 
30. Rawlinson A., Elcock C., Cheung A., Al-Buhairi A., Khanna S., Walsh T.F., and 
Ellwood R.P. An in-vitro and in-vivo methodology study of alveolar bone 
measurement using extra-oral radiographic alignment apparatus, Image Pro-Plus 
software and a subtraction programme. J Dent 33, 781, 2005. 
31. Tanaka M., Kohno S., and Ejiri S. Effects of ovariectomy on trabecular structures 
of rat alveolar bone. Clin Calcium 13, 604, 2003. 
32. Binte Anwar R., Tanaka M., Kohno S., Ikegame M., Watanabe N., Nowazesh Ali 
M., and Ejiri S. Relationship between porotic changes in alveolar bone and spinal 
osteoporosis. J Dent Res 86, 52, 2007. 
33. Hua Y., Nackaerts O., Duyck J., Maes F., and Jacobs R. Bone quality assessment 
based on cone beam computed tomography imaging. Clin Oral Implants Res 20, 767, 
2009. 
34. Bouxsein M.L., Boyd S.K., Christiansen B.A., Guldberg R.E., Jepsen K.J., and 
Müller R. Guidelines for assessment of bone microstructure in rodents using micro–
computed tomography. JBone Miner Res 25, 1468, 2010. 
35. Thompson D.D., Simmons H.A., Pirie C.M., and Ke H.Z. FDA Guidelines and 
animal models for osteoporosis. Bone 17, 125S, 1995. 
 Page 24 of 41
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
25 
 
36. Dervis E. Oral implications of osteoporosis. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 100, 349, 2005. 
37. Jiang Y., Zhao J., Liao E.Y., Dai R.C., Wu X.P., and Genant H.K. Application of 
micro-CT assessment of 3-D bone microstructure in preclinical and clinical studies. J 
Bone Miner Metab 23 Suppl, 122, 2005. 
38. Podenphant J., Gotfredsen A., Nilas L., Norgard H., Braendstrup O., and 
Christiansen C. Iliac crest biopsy: an investigation on certain aspects of precision and 
accuracy. Bone Miner 1, 279, 1986. 
39. Parisien M.V., McMahon D., Pushparaj N., and Dempster D.W. Trabecular 
architecture in iliac crest bone biopsies: infra-individual variability in structural 
parameters and changes with age. Bone 9, 289, 1988. 
40. Du Z.B., Chen J., Yan F.H., and Xiao Y. Effects of Simvastatin on bone healing 
around titanium implants in osteoporotic rats. Clin Oral Implants Res 20, 145, 2009. 
41. Goes P., Lima A., Melo I.M., Rêgo R., and Lima V. Effect of Atorvastatin in 
radiographic density on alveolar bone loss in wistar rats. Braz Dent J 21, 193, 2010. 
42. Anbinder A.L., Prado F.d.A., Prado M.d.A., Balducci I., and Rocha R.F.d. The 
influence of ovariectomy, simvastatin and sodium alendronate on alveolar bone in rats. 
Braz Oral Res 21, 247, 2007. 
43. Jacobs R., Ghyselen J., Koninckx P., and Steenberghe D. Long‐term bone mass 
evaluation of mandible and lumbar spine in a group of women receiving hormone 
replacement therapy. Eur J Oral Sci 104, 10, 1996. 
 Page 25 of 41 
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
26 
 
44. Soardi C.M., Zaffe D., Motroni A., and Wang H.L. Quantitative Comparison of 
Cone Beam Computed Tomography and Microradiography in the Evaluation of Bone 
Density after Maxillary Sinus Augmentation: A Preliminary Study. Clin Implant Dent  
Relat Res doi: 10.1111/cid.12016. [Epub ahead of print]  2012. 
45. Parsa A., Ibrahim N., Hassan B., Motroni A., van der Stelt P., and Wismeijer D. 
Reliability of voxel gray values in cone beam computed tomography for preoperative 
implant planning assessment. Int J Oral Maxillofac Implants 27, 1438, 2011. 
46. Hua Y., Nackaerts O., Duyck J., Maes F., and Jacobs R. Bone quality assessment 
based on cone beam computed tomography imaging. Clin Oral Implants Res 20, 767, 
2009. 
 
 
 
Legends: 
 
  
 Page 26 of 41
Ti
ss
ue
 E
ng
in
ee
rin
g 
Pa
rt 
C:
 M
et
ho
ds
Es
tro
ge
n 
de
fic
ie
nc
y 
as
so
ci
at
ed
 b
on
e 
lo
ss
 in
 th
e 
m
ax
ill
a:
 a
 m
et
ho
do
lo
gy
 to
 q
ua
nt
ify
 th
e 
ch
an
ge
s i
n 
th
e 
m
ax
ill
ar
y 
in
tra
-ra
di
cu
la
r a
lv
eo
la
r b
on
e 
in
 a
n 
ov
ar
ie
ct
om
iz
ed
 ra
t o
ste
op
or
os
is 
m
od
el
 (d
oi:
 10
.10
89
/te
n.T
EC
.20
14
.02
68
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
27 
 
 
 
Figure 1: The research timeline.  
Animals were subjected to ovariectomy or sham surgery at the age of 12 weeks and 
sacrificed at 8, 12 16 or 20 weeks after surgery. 
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Figure 2: (a) shows the definition of VOI from microCT scans; (b) shows first (1
st
) 
circle with 40 pixel diameter from the beginning of furcation area underneath the 
molar (first circle); (c) shows second circle (2
nd
 circle) with 60 pixel diameter after 40 
sections from the first circle in furcation area; (d) is the trabecular bone fraction 
underneath this molar after the slices between these circles were morphed, resulting in 
an irregular, conical cylinder as VOI . 
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Figure 3: Analysis of body weights showed significantly higher body weights in OVX 
treated rats from 8 weeks throughout entire experimentation period. 
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Figure 4: 3D micro CT (a, b) and histology images (c, d) of tibia at 8 weeks. 
Compared with SHAM group (b, d), OVX treated rats (a, c) had significantly less 
trabecular bone. Rats’ trabecular bone of tibia has significantly decreased (Scale 
bar=1mm). 
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Figure 5: Micro CT results of tibia showed significant differences from 8 weeks for 
the parameters BV/TV (a), TbSp. (b), Tb.N.(d), and Conn.dens (e), but no differences 
could be determined for the parameter Tb.Th. (c) 
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Figure 6: 3D micro CT images of the first molar (a, b) and second molar (c, d).  
Compared with SHAM group (b, d), the bone in OVX group (a, c) is more porous at 
12 weeks. 
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Figure 7: Micro CT results of first molar showed significant differences from 12 
weeks for the  parameters BV/TV (a), Tb.Sp (b), Tb.Th (c) and Tb.N (d).  However, 
for the parameter Conn.Dens (e), the differences between the two experimental groups 
were not consistent across the examined time points. Note the difference between the 
results for Tb.Th (c) between the maxilla here and the tibia (Fig.4c). 
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Figure 8: Micro CT results of second molar showed significant differences between 
the groups for the parameters BV/TV, Tb.Sp, and Tb.N. from 12 weeks after surgery. 
For Tn.Th , the difference between the groups was statistically significant from 16 
weeks.  Also for the parameter Conn.Dens, the differences between the two 
experimental groups were not consistent across the examined time points. Note the 
difference of index Tb.Th compared with tibia (Fig.4c). 
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Figure 9: Histology images (a, b) and micro CT longitudinal sections (c, d) of Maxilla 
at 12 weeks showed similar changes. Compared with SHAM group, OVX group has 
been significantly lower bone volume (P<0.05), with less trabecular bone and more 
bone marrow (e). (Scale bar=2mm) 
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 OVX SHAM 
 BV/TV (%) Tb.Th (mm) Tb.Sp (mm) Tb.N (mm
-1
) Conn.Dens 
(1/mm
3
) 
BV/TV (%) Tb.Th (mm) Tb.Sp (mm) Tb.N 
(mm
-1
) 
Conn.Dens 
(1/mm
3
) 
8W 0.036±0.060
*
 0.060±0.004 0.980±0.368
*
 1.174±0.439
*
 6.413±4.126
*
 0.148±0.038 0.067±0.006 0.284±0.054 3.592±0.611 58.787±17.926 
12W 0.031±0.010
*
 0.067±0.004 1.324±0.307
*
 0.801±0.178
*
 3.970±2.668
*
 0.117±0.032 0.063±0.005 0.368±0.098 2.903±0.620 44.853±15.711 
16W 0.030±0.010
*
 0.073±0.009 1.385±0.331
*
 0.776±0.228
*
 3.849±1.741
*
 0.126±0.033 0.064±0.005 0.362±0.121 3.036±0.847 50.022±15.735 
20W 0.032±0.011
*
 0.079±0.011 1.598±0.330
*
 0.667±0.118
*
 3.782±2.359
*
 0.155±0.018 0.070±0.005 0.305±0.053 3.368±0.538 57.221±7.618 
 
 Table 1. Micro CT results of tibia: Micro CT results of tibia showed significant differences from 8 weeks between OVX and SHAM for the parameters 
BV/TV , TbSp. , Tb.N., and Conn.dens separately. (* P< 0.05) 
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 OVX SHAM 
 BV/TV (%) Tb.Th (mm) Tb.Sp (mm) Tb.N (mm
-1
) Conn.Dens 
(1/mm
3
) 
BV/TV (%) Tb.Th (mm) Tb.Sp (mm) Tb.N 
(mm
-1
) 
Conn.Dens 
(1/mm
3
) 
8W 0.921±0.024 0.214±0.025 0.063±0.009 7.057±0.447 52.219±13.486
*
 
0.947±0.02
3 
0.241±0.03
1 
0.065±0.01
8 
6.681±0.77
6 
31.317±11.95
8 
12W 0.658±0.024
*
 
0.235±0.032
*
 
0.250±0.027
*
 
3.625±0.277
*
 
16.051±6.246 0.867±.038 0.272±0.02
8 
0.131±0.02
7 
5.160±0.48
3 
21.449±8.023 
16W 0.602±0.100
*
 
0.166±0.035
*
 
0.237±0.059
*
 
4.163±0.492
*
 
44.745±22.034
*
 
0.817±0.10
6 
0.250±0.04
5 
0.172±0.06
8 
4.790±0.48
6 
17.649±5.835 
20W 0.672±0.082
*
 
0.209±0.024
*
 
0.220±0.022
*
 
4.296±0.357 22.343±9.126 0.798±0.09
8 
0.257±0.03
4 
0.172±0.06
9 
4.363±0.46
7 
22.331±11.117 
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Table 2.  Micro CT results of first molar: Micro CT results of first molar showed significant differences from 12 weeks between OVX and SHAM for the 
parameters BV/TV , Tb.Sp , Tb.Th and Tb.N . (* P< 0.05)  Note the difference between the results for Tb.Th between the maxilla here and the tibia (table 1). 
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 OVX SHAM 
 BV/TV (%) Tb.Th (mm) Tb.Sp (mm) Tb.N (mm
-1
) Conn.Dens 
(1/mm
3
) 
BV/TV (%) Tb.Th (mm) Tb.Sp (mm) Tb.N 
(mm
-1
) 
Conn.Dens 
(1/mm
3
) 
8W 0.894±0.046 0.223±0.014 0.076±0.018 6.977±1.063 47.969±16.390 0.847±0.051 0.215±0.026 0.090±0.027 7.099±0.583 57.912±4.937 
12W 0.539±0.057
*
 0.215±0.026 0.319±0.056
*
 3.393±0.446
*
 20.077±6.906 0.724±0.063 0.228±0.035 0.188±0.040 5.330±0.696 32.967±13.171 
16W 0.547±0.114
*
 0.182±0.026
*
 0.223±0.053
*
 4.498±0.653 58.075±7.955
*
 0.971±0.765 0.253±0.049 0.164±0.058 4.683±0.579 28.934±9.401 
20W 0.517±0.712
*
 0.165±0.015
*
 0.256±0.050
*
 4.206±0.509
*
 51.926±8.467
*
 0.810±0.103 0.254±0.058 0.148±0.066 5.303±0.758 23.155±10.145 
 
Table 3.  Micro CT results of second molar: Micro CT results of second molar showed significant differences between OVX and SHAM for the 
parameters BV/TV, Tb.Sp, and Tb.N. from 12 weeks after surgery.  For Tn.Th , the difference between the groups was statistically significant from 16 weeks. 
Note the difference of index Tb.Th compared with tibia (table 1). (* P< 0.05).  
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